The ethyl carbamate concentration of commercial ume liqueur products was studied, and a method of reducing it was examined from the viewpoint of antioxidation. The average ethyl carbamate concentration across 38 ume liqueur products was 0.12 mg/l (0.02-0.33 mg/l). When potassium metabisulfite was added to a concentration of 0-1,000 ppm during production, the generation of ethyl carbamate was reduced in a concentration-dependent manner, but when the amount of potassium metabisulfite added was below the maximum level allowed under the Japanese Food Sanitation Act, the reduction was only 27%. When ume liqueurs were produced under deoxygenated conditions created using an oxygen absorber, the ethyl carbamate concentration was reduced by up to 47% as compared with the control group, probably due mainly to a reduction in free hydrogen cyanide. When ume liqueur was produced in an oxygen atmosphere, the ethyl carbamate concentration increased by up to 50% as compared with the control group. Thus, oxygen may be involved in the generation of ethyl carbamate in ume liqueur production.
The ethyl carbamate concentration of commercial ume liqueur products was studied, and a method of reducing it was examined from the viewpoint of antioxidation. The average ethyl carbamate concentration across 38 ume liqueur products was 0.12 mg/l (0.02-0.33 mg/l). When potassium metabisulfite was added to a concentration of 0-1,000 ppm during production, the generation of ethyl carbamate was reduced in a concentration-dependent manner, but when the amount of potassium metabisulfite added was below the maximum level allowed under the Japanese Food Sanitation Act, the reduction was only 27%. When ume liqueurs were produced under deoxygenated conditions created using an oxygen absorber, the ethyl carbamate concentration was reduced by up to 47% as compared with the control group, probably due mainly to a reduction in free hydrogen cyanide. When ume liqueur was produced in an oxygen atmosphere, the ethyl carbamate concentration increased by up to 50% as compared with the control group. Thus, oxygen may be involved in the generation of ethyl carbamate in ume liqueur production.
Key words: ethyl carbamate; ume liqueur; hydrogen cyanide; deoxidation; food contamination of ume liqueur products Ethyl carbamate (urethane: CAS no. 51-79-6) is known for its genotoxicity but is found in a wide range of food products, including fermented food and alcoholic beverages. [1] [2] [3] [4] [5] [6] In 2007, the International Agency for Research on Cancer (IARC) upgraded ethyl carbamate to Group 2A (probably carcinogenic to humans). 7) The Joint FAO/WHO Expert Committee on Food Additives reported at its 64th meeting that ''The Committee concluded that intake of ethyl carbamate from foods excluding alcoholic beverages would be of low concern. The Margin of Exposure for all intakes, food and alcoholic beverages combined, is of concern and therefore mitigation measures to reduce concentrations of ethyl carbamate in some alcoholic beverages should be continued.'' 8) Nagata et al., in their study of the ethyl carbamate concentration of alcoholic beverages sold in Japan, 9) found that among alcohol products produced mainly in Japan, the concentration was relatively high in sake (65.3 ppb on average) and ume liqueur (85.0 ppb on average). The ethyl carbamate in sake is derived from urea, 10) and methods of breaking down urea using urease 11) and by reducing the ethyl carbamate concentration using non-urea-producing sake yeast 12, 13) have been reported. These methods are now used by sake producers.
For ume liqueur, by contrast, no method of reducing ethyl carbamate is known, and the only concentration data available are those reported by Nagata et al., 9) who examined just eight samples. Recently, in addition to typical sake-based and Japanese distilled spirit (shochu)-based ume liqueur products, various ume liqueurs are being sold and the ethyl carbamate concentrations of these drinks are not known. Furthermore, according to the statistics of the Japan Spirits and Liqueurs Makers Association, 14) the amount of ume liqueurs produced is increasing: in 2008 it was 34,101 kl, 1.5 times the level of 1998. It is likely that Japanese people are ingesting increasing amounts of ethyl carbamate from ume liqueur.
In their study of the production of ethyl carbamate, Suzuki et al. 15) found that the amount of ethyl carbamate in ume liqueur was increased by the addition of potassium cyanide, and suggested that free cyanide might be involved in the generation of ethyl carbamate in ume liqueur. Furthermore, Baumann and Zimmerli have suggested that ethyl carbamate in stone-fruit brandy might be produced as a result of exposure of the brandy to light in the presence of vicinal dicarbonyl compounds, hydrogen cyanide, and ethanol. 16) They suggested that vicinal dicarbonyl compounds react with oxygen to become peroxides, which are then transformed to ethyl carbamate by hydrogen cyanide and ethanol.
Normally, however, commercial ume liqueur products are made in complete darkness in tanks. Suzuki et al. made ume liqueur, stored it in the dark for 6 months, and confirmed a concentration of ethyl carbamate of 50 ng/g. 15) It is unlikely, therefore, that the ethyl carbamate in ume liqueur is due mainly to peroxides produced by a light reaction.
As another possibility, Zimmerli and Schlatter suggested that it is reasonable to assume that hydrogen cyanide is oxidized to cyanic acid and then reacts with ethanol to become ethyl carbamate.
2) In addition, Taki et al. suggested that in the generation of ethyl carbamate from hydrogen cyanide, the genuine precursor is cyanic acid.
17) Therefore, it can be possible to reduce ethyl carbamate generation by preventing the oxidation of hydrogen cyanide to cyanic acid.
In this study, we measured the ethyl carbamate concentrations of various ume liqueur products, ana-lyzed the components of the products to search for clues to reducing ethyl carbamate generation, and attempted to reduce the ethyl carbamate concentration of ume liqueur.
Materials and Methods
Reagents. Unless otherwise indicated, high-quality reagents from Wako Pure Chemical Industries (Osaka, Japan) and Kanto Chemical (Tokyo) were used.
Analysis of commercial ume liqueur products. Thirty-eight ume liqueur products, purchased from retailers between June and August, 2005, were analyzed. pH and total acidity were measured by the wine analysis method described in the ''Official Method of Analysis'' of the National Tax Agency of Japan. Glucose was measured by Glucose CIItest Wako (Wako Pure Chemical Industries, Osaka, Japan). Free hydrogen cyanide was measured by a method using 4-pyridinecarboxylic acid-pyrazolone, as described in ''Methods of Analysis in Health Science. '' 18) The alcohol content was taken to be that printed on the ume liqueur product labels. Ethyl carbamate was measured with a gas chromatography mass spectrometer using butyl carbamate as internal standard. 19) Production of ume liqueur using an antioxidant. The ume fruits used were frozen Oshukubai fruits produced in Oita Prefecture, Japan in 2007, thawed for use in this study. The crystal sugar used was a commercially available product. As an alcohol solution, commercially available ethanol that contained no ethyl carbamate was diluted with Milli-Q water to 35%. To make ume liqueur, 300 g of ume fruits, 150 g of crystal sugar, and 540 ml of the 35% alcohol solution were used. Potassium metabisulfite was added to the alcohol solution to a concentration of 1,000, 350, 30, or 10 ppm (in SO 2 equivalents), and the fruits and the crystal sugar were steeped in the alcohol solution and kept in the dark at 30 C. The solution was sampled once a month, and three replicates of ethyl carbamate measurements were taken.
Production of ume liqueur in a deoxygenated condition. The procedure was as described in the previous section, except that Nankobai ume fruits produced in Wakayama and Oita Prefectures in 2009 were used. The alcohol solution and crystal sugar were stirred in a beaker to dissolve the sugar, and thawed fruits were added to the solution. To create a deoxygenated condition, the beaker was sealed in an oxygen-impermeable pouch (Mitsubishi Gas Chemical Company, Tokyo; oxygen transmission rate, 20 ml/m 2 day atm) with Anaerokeep (Mitsubishi Gas Chemical), an oxygen absorber that absorbs oxygen through the oxidization of iron without generating carbon dioxide. In the control group, the beaker was sealed in the pouch without the oxygen absorber.
There were two experimental groups: in one, the bag was agitated to accelerate oxygen absorbance, and in the other, the bag was kept still as in normal ume liqueur production. In the agitation group, the bag was shaken only during the first 24 h. After they were stored for 3 months at 30 C in the dark, the fruits were removed and the solutions were analyzed.
The oxygen concentration was measured using Fibox-3-trace (PreSens, Regensburg, Germany), a device that allows the measurement of oxygen in an enclosed space from the outside. Sensor spots necessary for measuring dissolved oxygen were pasted in advance to the interior of a 1-l beaker at 250, 500, and 750 ml, and the average of the measurements taken at these three spots was used (Fig. 1) . The oxygen concentration in the headspace was measured with a sensor spot pasted at the 1-l mark. Approximately 150 ml of ume liqueur made in the deoxygenated condition was transferred to a bottle in the open air, the bottle was capped, the liqueur was matured at 30 C for 2 months, and ethyl carbamate measurements were repeated 3 times. As a color indicator, the OD 430 of the ume liqueur made was measured.
Production of ume liqueur in an oxygen-rich condition. The same ingredients and oxygen concentration measuring devices as described in the previous section were used. Thawed fruits, crystal sugar, and the 35% alcohol solution were put in a beaker, and the beaker was then placed in a sealable oxygen-impermeable pouch. A long, thin nozzle was attached to a portable oxygen tank and then inserted into the pouch mouth, which was narrowed to accommodate nozzle insertion precisely. The pouch was then sealed after approximately 30 s of oxygen injection. In the control group, the beaker was sealed in the pouch without oxygen injection. After they were steeped for 3 months at 30 C in the dark, the fruits were removed from the solution, and three replicates of ethyl carbamate and free hydrogen cyanide measurements were taken.
Analysis of the aroma components of the ume liqueur. Headspace gas chromatography was performed. A Combi PAL headspace sampler (CTC Analytics, Zwingen, Switzerland) was used together with a Focus DSQ gas chromatography mass spectrometer (Thermo Fisher Scientific, Waltham, MA). In a 20-ml vial, 0.25 ml of ume liqueur was diluted 20 times with Milli-Q water, and 0.1 ml of 10 mg/l cyclohexanol, an internal standard, and 1.5 g of sodium chloride (conformed to residual agrochemical standards) were added. The vial was sealed and incubated at 60 C for 20 min, and then 2 ml of the headspace gas was injected automatically into the gas chromatograph mass spectrometer. A DB-WAX capillary column (60 m Â 0:25 mm, 0.25 mm) (Agilent Technologies, Santa Clara, CA) was used, and the split ratio was 5:1. The mass selective detector was operated in electron impact mode with an ionization energy of 70 eV. Helium at 2.0 ml/min was used as the carrier gas. The gas chromatograph oven was initially kept at 40 C (3 min), increased to 240 C (5 min) at 10 C/min. The injector temperature was 170 C, and the gas chromatograph mass spectrometer interface and ion source were maintained at 200 C. Quantification was performed in single ion monitoring mode at m=z 105 and 106 for benzaldehyde, and at 105 and 77 for ethyl benzoate.
Statistical analysis. Correlation coefficients were calculated using Microsoft Excel 2003. Statistical significance was tested by Student's t-test.
Results

Analysis of commercial ume liqueur products
The average component values and ethyl carbamate concentrations of ume liqueur products are shown in Table 1 . Ethyl carbamate was detected in all of the 1000 ml 800 ml 600 ml 400 ml 200 ml
Dissolved oxygen concentration is measured as the average of measurements taken at these three points.
Headspace oxygen concentration is measured. products tested, in a range of 0.02-0.33 mg/l (0.12 mg/l on average), levels slightly higher than those reported by Nagata et al. 9) (range, 16-146 ppb, 85.0 ppb on average, 8 samples). The average concentration of ethyl carbamate was not significantly different among the ume liqueur types. In addition, there were no significant differences in free hydrogen cyanide concentration among the ume liqueur types.
Correlation coefficients were calculated for analysis of the commercial ume liqueur products, and they revealed significant positive correlations between ethyl carbamate and total acidity and between ethyl carbamate and free hydrogen cyanide (p < 1%). In other words, the higher the concentration of ethyl carbamate, the higher the levels of total acidity and free hydrogen cyanide.
Production of ume liqueur using an antioxidant Taki et al. reported in their study of the control of ethyl carbamate generated in a model solution that the addition of 10 mM sodium hydrogen sulfite reduced ethyl carbamate by only 7-14%, and hence they excluded the possibility of reducing ethyl carbamate by this method, taking into account the sodium hydrogen sulfite standard for wine, 350 ppm (2.8 mM), set under the Food Sanitation Act of Japan. 17) However, because the components of this model solution are different from those of ume liqueur and ume liqueur contains antioxidants such as lyoniresinol, 20) we thought that it might be possible to control the production of ethyl carbamate by adding antioxidants, and hence decided to conduct the experiment.
The effects of potassium metabisulfite (an antioxidant) on the concentration of ethyl carbamate in ume liqueur are shown in Fig. 2 . At potassium metabisulfite concentrations of 10 and 30 ppm, the ethyl carbamate concentration increased with the number of steeping months. At 350 and 1,000 ppm, the ethyl carbamate concentration remained at the same level. In addition, the higher the potassium metabisulfite concentration, the lower the ethyl carbamate concentration. However, at 30 ppm (in SO 2 equivalents), the standard potassium metabisulfite level set for liqueurs under the Food Sanitation Act, the reduction after 3 months was only 27% as compared with the control group. At 350 ppm (in SO 2 equivalents), the standard potassium metabisulfite concentration allowed in wine, the reduction after 3 months was 83%.
Production of ume liqueur in a deoxygenated condition
It is generally known that oxygen significantly contributes to the oxidation of food, and in the area of alcoholic beverages, methods have been developed of preventing flavor loss in beer by reducing oxygen in wort 21) and of preserving the freshness of sake by reducing dissolved oxygen during bottling. 22) Here we attempted to reduce ethyl carbamate in ume liqueur by preventing the oxidation of hydrogen cyanide to cyanic acid through the reduction of dissolved oxygen. Figure 3 shows the changes in the dissolved oxygen concentration during ume liqueur production. Among the experimental groups, the dissolved oxygen concentration was reduced to less than 0.05 ppm slightly earlier in the agitation group than in the non-agitation group, and remained below that level for 3 months. In the control groups, the dissolved oxygen concentration decreased in the first week, and then started gradually to increase. The headspace oxygen concentration in the experimental groups was reduced to 0.1% by day 2, and remained below that level for 3 months (data not shown).
The analytical values for ume liqueur made in the deoxygenated condition are shown in Table 2 . The ethyl carbamate concentrations in the experimental groups fell by 47% (Wakayama Prefecture/agitated), 41% (Wakayama Prefecture/not agitated), 19% (Oita Prefecture/ agitated), and 29% (Oita Prefecture/not agitated) as compared with the control groups. The free hydrogen cyanide concentration in the experimental groups fell by 56% (Wakayama Prefecture/agitated), 56% (Wakayama Prefecture/not agitated), 53% (Oita Prefecture/agitated), and 54% (Oita Prefecture/not agitated) as compared with the control groups. Both the ethyl carbamate and the free hydrogen cyanide concentration decreased significantly in the experimental groups as compared with the control groups. The OD 430 was lower in the experimental groups than in the control groups. There were no significant differences between the control and experimental groups in volume, alcohol content, specific gravity, pH, or total acidity. Benzaldehyde concentrations were significantly lower in the Wakayama Prefecture groups (agitated and not agitated) and in one of the Oita Prefecture groups (not agitated), and the ethyl benzoate concentrations were significantly lower in one of the Wakayama Prefecture groups (not agitated) and one of the Oita Prefecture groups (not agitated), as compared to the control groups.
The ume liqueurs made in the deoxygenated condition had lower OD 430 values (i.e., paler color) as compared with the control groups. To make the color closer to that of normal ume liqueurs and to monitor the ethyl carbamate concentration when the ume liqueur made in a deoxygenated condition was matured in the open air, ume liqueurs kept for 3 months in a deoxygenated condition were then matured in the open air for 2 months. The ethyl carbamate and OD 430 levels are shown in Table 3 . Although the ethyl carbamate concentration increased both in the experimental and in the control group, the concentration was significantly lower in the experimental groups (Wakayama Prefecture and Oita Prefecture groups) than in the control groups. The OD 430 value was significantly higher in the experimental groups than in the control group for both the Wakayama Prefecture and the Oita Prefecture group.
Production of ume liqueurs in an oxygen-rich condition
In the production of ume liqueurs in the deoxygenated condition, it was not clear whether the reduction in ethyl carbamate was due to the reduction of oxygen or the reduction of free hydrogen cyanide, because the reductions in the two substances occurred simultaneously. Hence, ume liqueurs were made in an oxygen-rich condition, created by oxygen injection, to examine the contribution of oxygen to the production of ethyl carbamate in ume liqueurs. Figure 4 shows the changes in dissolved oxygen concentration in the ume liqueurs made in an oxygenrich environment. In the experimental groups, the oxygen concentration remained over 8 ppm during the early stage and then started to decrease, although it remained higher than in the control groups throughout the study period. In the control groups, the oxygen concentration started at 5 ppm, then quickly decreased, and finally settled at about 2 ppm. In addition, the headspace oxygen concentration in the experimental groups was more than 60% at the start of steeping, and then gradually decreased over the 3 months to 47% in the Wakayama Prefecture group and to 30% in the Oita Prefecture group (data not shown).
The analytical values for the ume liqueurs after the 3-month steeping are shown in Table 4 . There were no marked differences in the free hydrogen cyanide concentration as between the experimental and the control groups. However, the ethyl carbamate concentration in the experimental groups increased by 50% in the Wakayama Prefecture group and 36% in the Oita Prefecture group as compared with the respective control groups. In other words, the ethyl carbamate concentration increased with the oxygen concentration.
Discussion
Because the average concentration of the 38 products tested was 0.12 mg/l (Table 1) , higher than the value of 85.0 ppb reported by Nagata et al., and due to a recent increase in the production of ume liqueur products in Japan, the amount of ethyl carbamate that people ingest from ume liqueur is likely to be increasing. It is therefore necessary to develop a method of reducing ethyl carbamate in ume liqueur.
It is also known that sake, shochu, and brandy contain ethyl carbamate. Ume liqueur products that use these alcoholic beverages might therefore contain a higher level of ethyl carbamate, but it has not been confirmed that sake-, shochu-, or brandy-based ume liqueur products contain a significantly higher concentration of ethyl carbamate. Moreover, the free hydrogen cyanide concentration did not differ significantly between the sake-, shochu-, and brandy-based ume liqueur products and the brewing alcohol-based ume liqueur products. However, Nagata et al. 9) reported that the ethyl carbamate content was on average 65.3 ppb in sake, 12.0 ppb in shochu, and 19.6 ppb in brandy, all of which values are lower than the average in brewing alcoholbased ume liqueur products of 0.11 mg/l. Furthermore, sake or brandy is sometimes mixed with brewing alcohol to produce ume liqueur, in which case the concentration of ethyl carbamate brought in is reduced. This can be the reason the ethyl carbamate concentrations of ume liqueur products made from various alcoholic beverages did not differ significantly.
The acids and free hydrogen cyanide in ume liqueur derive from the ume fruits used. Therefore, ume liqueurs with a higher concentration of ethyl carbamate must have been produced from a larger amount of ume fruits. Thus it can be possible to reduce the ethyl carbamate concentration by reducing the amount of ume fruits used, but it is easy to imagine that using a smaller amount of ume fruits would mean compromising the flavor of the ume liqueur. Hence it is necessary to develop a way to reduce ethyl carbamate without reducing the amount of ume fruits used.
In the ume liqueur production experiment in which an antioxidant was added, production of ethyl carbamate was reduced by the addition of potassium metabisulfite only at a concentration of 350 or 1,000 ppm. Hence the addition of potassium metabisulfite within the 30-ppm limit set under the current Food Sanitation Act did not bring about a significant improvement (Fig. 2) . Furthermore, if potassium metabisulfite is used in commercial products, its inclusion must be indicated on the product label. Due to consumers' tendency to avoid products that use antioxidants, we decided to seek other reduction methods. In the ume liqueur production experiment in which a deoxygenated condition was created using an oxygen absorber, the concentration of ethyl carbamate and free hydrogen cyanide was reduced (Table 2) . Free hydrogen cyanide decreased in the Wakayama Prefecture groups (agitated and not agitated) and the Oita Prefecture groups (agitated and not agitated), which can be explained by the high volatility of hydrogen cyanide and the use of an oxygen absorber. More specifically, because hydrogen cyanide is highly volatile (bp 26 C) and the steeping temperature was 30 C, the hydrogen cyanide that evaporated might have been captured by the iron powder or porous inorganic substances in the oxygen absorber, reducing the amount of free hydrogen cyanide in the ume liqueur. In addition, the free hydrogen cyanide concentration in the deoxygenated condition did not differ greatly between the agitation and non-agitation groups. This might be because hydrogen cyanide is generated as a result of the degradation of cyanogen glycoside in the ume fruit stones by emulsin and because agitation was conducted only in the first 24 h.
Because the reduction in ethyl carbamate was probably due to a reduction in free hydrogen cyanide as described above, oxygen might not have contributed much to the production of ethyl carbamate.
In the experiment in which an oxygen-rich condition was created to examine the contribution of oxygen to the production of ethyl carbamate in the ume-liqueur products, ethyl carbamate increased (Table 4) . These results suggest that oxygen is involved in ethyl carbamate production in ume liqueur products in some way. In their experiment using model solutions containing copper sulfate, Aresta et al. compared the production of ethyl carbamate under oxygen, nitrogen, and carbon dioxide atmospheres, and found that there was no significant difference in the amount of ethyl carbamate produced. 23) This experiment was conducted in the presence of copper sulfate to reproduce the distillation environment of spirits that use copper distillation equipment. Because we did not use copper instruments in our study, the involvement of copper is unlikely. Therefore, besides the mechanism of ethyl carbamate production involving copper complexes proposed by Aresta et al., a production mechanism dependent on oxygen can also be involved. Because ume liqueurs are said to contain a large number of components, it can be that hydrogen cyanide was oxidized to cyanic acid through reactions between oxygen and certain of the components, thereby producing a larger amount of ethyl carbamate under an oxygen atmosphere.
Ethyl carbamate in ume liqueur products was reduced to some extent by the use of an oxygen absorber, although the color became paler ( Table 2 ). The value of OD 430 , a color indicator, was low, probably because oxidization of the tannin in ume fruits did not actively occur owing to the low concentration of dissolved oxygen. Liu et al., in an experiment using model solutions, observed browning only in the solutions that contained catechin, and they suggested that the browning of ume liqueur was caused by the oxidization and condensation of tannin. 24) In our study, browning did not occur because tannin oxidization did not actively occur in the deoxygenated condition, which is consistent with the suggestion made by Liu et al. In addition, in the control groups, the amount of dissolved oxygen decreased in the first week, supporting the suggestion that the tannin in ume fruits consumes oxygen.
When ume liqueur products produced in a deoxygenated condition were matured in the open air, the color improved, and the ethyl carbamate concentration was less than that of the control (Table 3) . We concluded that the ethyl carbamate concentration was lower in the experimental groups than in the control groups due to the lower free hydrogen cyanide concentrations in the experimental groups ( Table 2 ). The OD 430 value was higher in the experimental groups than in the control groups, which suggested that the paler color of the ume liqueurs made in the deoxygenated condition can be darkened by storing them in air.
In this study, commercially available 99.5% ethanol was used instead of continuously distilled shochu, which is normally used to produce ume liqueur products. It has been reported that continuously distilled shochu contains approximately 10 mg/l of acetaldehyde, isobutanol, and isoamyl alcohol on a 15% alcohol-content basis. 25) Therefore, there are only a few differences in ingredients between commercial ethanol and continuously distilled shochu, and our experimental data can be applied to the production of ume liqueur products. This experiment showed that the ethyl carbamate concentration of ume liqueur can be reduced to some extent by making the liqueur in a deoxygenated condition. In actual ume liqueur production, ethyl carbamate can be reduced to some extent by making ume liqueur in a sealed tank and placing oxygen absorbers in the headspace. However, in this study, this method reduced the ethyl carbamate level by only half. In addition, a sealed tank is required to create a deoxygenated environment, which can pose problems for small producers. Therefore, other methods of ethyl carbamate reduction that even small-scale producers can employ are preferable.
On the other hand, because oxygen has been found to contribute to the generation of ethyl carbamate, measures can be taken to control the level of ethyl carbamate. In ume liqueur production, to monitor the extraction of organic acids from ume fruits, samples are taken regularly after stirring for total acidity analysis. Because the dissolved oxygen concentration is expected to increase during this stirring process, minimizing the sampling frequency may also be an effective way to control the ethyl carbamate level.
Our analysis of commercial ume liqueur products confirmed a positive correlation between the concentration of free hydrogen cyanide and the concentration of ethyl carbamate, which suggests that the oxygen absorber used reduced free hydrogen cyanide, thereby reducing ethyl carbamate. Hence removal of free hydrogen cyanide in one way or another should further reduce the levels of ethyl carbamate. If ethyl carbamate can be significantly reduced, then sensory evaluation must be considered, among other issues.
